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Project GoalsProject Goals
Statistical characterization of

wadeable streams Region-wide

Complement to state random and 
non-random sampling

Component of Regional 
integrated assessment [Regional 
Ecological Assessment Program 
(REAP)]



GPRAGPRA
FY 2003 Core Performance Measures 

for Water:

Wadeable Streams R-EMAP supports:            

– up-dating of Fish Consumption  
Advisory database

– up-dating of assessments of 
beneficial use support [GOMP]

– assessment for Watershed 
Restoration Action Strategies



ProcessProcess
Acquire R-EMAP sample points
Expand scope of data
Add ecoregional reference sites
Contractor support
– Permission for access
– Reconnaissance
– Sampling
– Identification

Descriptive, spatial, & temporal statistics
Multivariate analyses



DQOsDQOs

10 % precision, at 
90 % confidence,
requires n = 200.

QA/QC per EPA SOPs
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Target Target 
StreamsStreams

-In 1999 96 streams were 
selected

*of those, 12 were too 
large or estuarine

*Permission was 
requested for 84 sites

*Permission was granted for 
62 sites, of which none 
were inaccessible

*25 sites were non-target 
for a total of 37 sites 
being sampled

-14 reference sites sampled



(continued)(continued) -In 2000 120 streams were        
selected

*of those, 13 were too 
large or estuarine

*Permission was 
requested for 107 sites    

*Permission was granted for 
88 sites, of which 16 
were inaccessible

*17 sites were non-target 
for a total of 52 sites 
being sampled

-9 reference sites sampled
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Aquatic Community Aquatic Community 
ParametersParameters

Benthic macroinvertebrates
– Habitat
– RBP II [(family level) ’99 revision ]

Periphyton
– RBP VI [’99 revision]

Fish 
– RBP V [’99 revision]



Max = 196.0000
Min  = 60.00000
75% = 175.0000
25% = 146.0000
Median value:
Med = 159.0000

RBP Habitat Scores for Southeastern Wadeable Streams, 1999 - 2001
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Max = 21.00000
Min  = 0.000000
75% = 8.000000
25% = 3.000000
Median value:
Med = 6.000000

EPT Index for Southeastern Wadeable Streams, 1999 - 2001
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EPT Index for Southeastern Streams, 1999 - 2001
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Aquatic Media andAquatic Media and AnalytesAnalytes
Water
– Conductivity, D.O., pH, temperature
– Nitrogen series 
– Total & dissolved phosphorus
– Algal Growth Potential Test (AGPT)
– Total suspended solids

Forage Fish
– Mercury [total conventional, whole-body] 

Periphyton
– Autotrophic Index (ash-free dry wt. / 

chlorophyll a)



Max = 2310.000
Min  = 4.600000
75% = 264.0000
25% = 60.40000
Median value:
Med = 109.5000

Conductivity in Southeastern Wadeable Streams, 1999 - 2001
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Max = 13.31000
Min  = .0600000
75% = 8.410000
25% = 5.380000
Median value:
Med = 7.325000

Dissolved Oxygen in Southeastern Wadeable Streams, 1999 - 2001
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Max = 8.770000
Min  = 4.110000
75% = 7.560000
25% = 6.690000
Median value:
Med = 7.145000

pH in Southeastern Wadeable Streams, 1999 - 2001
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Max = 32.70000
Min  = 10.08000
75% = 24.40000
25% = 19.40000
Median value:
Med = 22.20000

Water Temperature in Southeastern Wadeable Streams, 1999 - 2001
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Summer Temperature of Southeastern Streams
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Max = .9500000
Min  = .0100000
75% = .0800000
25% = .0200000
Median value:
Med = .0500000

Ammonia in Southeastern Wadeable Streams, 1999 - 2001

-0.1

0.1

0.3

0.5

0.7

0.9

1.1

Ammonia (mg/l)



Max = 10.00000
Min  = .0500000
75% = .4000000
25% = .0700000
Median value:
Med = .2000000

Nitrate-Nitrite in Southeastern Wadeable Streams, 1999 - 2001
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Max = 4.400000
Min  = .0100000
75% = .5800000
25% = .2200000
Median value:
Med = .3600000

Total Kjeldahl Nitrogen in Southeastern Wadeable Streams, 1999 - 2001
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Max = 1.700000
Min  = .0100000
75% = .0700000
25% = .0200000
Median value:
Med = .0300000

Total Phosphorus in Southeastern Wadeable Streams, 1999 - 2001
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TKN Concentrations in Region 4 Wadeable Streams
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Total Phosphorus Concentrations in Region 4 Streams 
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Max = .3500000
Min  = .0260000
75% = .1300000
25% = .0520000
Median value:
Med = .0880000

Mercury in Forage Fish from Southeastern Wadeable Streams, 1999 - 2001
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Interpretation of Hg data:Interpretation of Hg data:

“We are 95 % certain that 45 to 
65 per cent of our watersheds 
are at risk for mercury 
contamination.”





Landscape FactorsLandscape Factors

Recent and concurrent data on:

Sub-watershed land use,
Riparian cover, &

Channel conditions





ColumbiaColumbiaColumbiaColumbiaColumbiaColumbiaColumbiaColumbiaColumbia

MontgomeryMontgomeryMontgomeryMontgomeryMontgomeryMontgomeryMontgomeryMontgomeryMontgomery

AtlantaAtlantaAtlantaAtlantaAtlantaAtlantaAtlantaAtlantaAtlanta
BirminghamBirminghamBirminghamBirminghamBirminghamBirminghamBirminghamBirminghamBirmingham

CharlotteCharlotteCharlotteCharlotteCharlotteCharlotteCharlotteCharlotteCharlotte

CharlestonCharlestonCharlestonCharlestonCharlestonCharlestonCharlestonCharlestonCharleston

SOUTH CAROLINA 

Sta 42

Sta  10

Sta 38

Sta 3

Sta 20

Sta 22

Sta 11

Sta 86

NAPP:  8 stations, sampled in 1999:
– Georgia, Alabama, Carolinas
– 3 SE Plains, 3 Pied., 1 R&V, 1 B.R.
– D.A.:  1 - 4 - 9 - 16 - 36 - 100  sq. mi.

Landscape Pilot StudiesLandscape Pilot Studies











IKONOS image
4-m panchromatic

Griffin, GA
Sept. 13, 2001



Other Potential Landscape Other Potential Landscape 
FactorsFactors

Road & bridge density
% Impervious area 
Drainage ditch density

• Soil loss rates 
• Geomorphology & geology
• Livestock operations
• Land application sites
• Septic tank density



PROBABILITY SAMPLINGPROBABILITY SAMPLING
DISADVANTAGES

•Most can be overcome

–Non-targets
–Accessibility
–Dependability

ADVANTAGES
–Unbiased data

•Many uses
–Statistical Inference

•No model assumptions
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Integrated Monitoring DesignIntegrated Monitoring Design
Serves Watershed, State, & National ScalesServes Watershed, State, & National Scales

Targeted monitoring to verify impairment, 
identify causes, and support planning and 
implementation of control measures

How do I deal 
with the problem?

Landscape modeling to predict the likely 
locations of impaired waters

Where is the 
problem?

Probability surveys to predict the 
proportion of waters which may be 
impaired

How big is the 
problem?

Monitoring Design
Management 

Question



Simple concepts of 
sampling
Allows description 
of the whole by 
only sampling parts
Used in economic 
surveys, opinion 
polls
Used in all 
terrestrial surveys

ProbabilityProbability--based Designsbased Designs



Landscape 
Indicator 
Models

Watershed Characteristics

Probabilistic Survey

Overall  Condition

Prediction of Impairment

Targeted Sampling

Confirmation of Impairment 
and Diagnosis

Toxicity
Eutrophication
Habitat Associations

No Impairment

Integrated Monitoring FrameworkIntegrated Monitoring Framework



State Use of Probability Survey Designs:State Use of Probability Survey Designs:
Streams and EstuariesStreams and Estuaries Adopted probability design

Evaluating probability design
No decision yet

Northeast 
lakes –
potential
90% cost 
savings

Alabama –
33% cost 
savings



Eutrophication of NE US lakes 
–2756 non-random lakes censused (Rohm et 
al. 1995)
– EMAP reached same conclusion with only 
344 lakes 40%

20%

Clear Lakes 

EMAP estimates (95% CI)

Rohm et al.

Cost Effectiveness of EMAP Cost Effectiveness of EMAP 
ApproachApproach




















































